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7/ Introduction _ }Q -

Developmental dyslexia, or Spe!ific reading‘disability,2 as it is also

.called, is a. puzzling disorder of childhood characterized by- severe

~N~—
impairment in the decoding of printed words. This disbrder has been found

“to occur, in spite of general capability in children who are normal in

v_other respects. *Such youngsters, by definitiony support no intellectual

deficits, sensory acuity problems, severe brain damage, gross physical

o

disabilities, or serious emotiOnal and social disorders, and their
0

achievement‘difficulties have not !ﬂtensibly been hampered‘by cultural
or socio-economic-disadvantage, and/or inadequate exposure to the material
to be learned (Rabinpvitch, 1959):% ' |

' ) -

This ‘paper will addresg/the popular view that reading disability in

children of this description i éaused by dysfunction in visual processing.

TN

Several variations of this c0nceptualization wildl be resented and challenged

- Evidence for and‘againstfspecific hypotheses will be reviewed and our

!

discussion will'provide-some support for.the.likelihood that reading

disability is caused either by deficiencies in ‘one or more aspects of

linguirtic functioning or by jpecific d;sqrder in visual-verbal integration.

» B v, N

Visual Deficit Theo}iés

. Developmental dyslexia has been most okten attributed to dysfunction
in visual perception, and by extension visual memory. This point of view)
has been the dominant theme in the study of reaﬁing problems in young ‘
children sjince before the turn of the century when‘y> Pringle Morgan (1896)

initially described specific reading disability in an othe;wise normal/
: ) \\ . . ‘ B < v
. .3\.' .- q - .
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" apparent distbrtions iz perceiving similar appearing letters and- words

than a learned phénam
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'adolescent. Morgan believed -that the disorder was cauged by structural

damage. é/o the "visual memory center; a. position smilar to tﬁe one he.ld 'v',’é
\ '

by his cont)emporary Iﬁnshlewood &900) : ) N o ; . ‘:
Bowever, the mos{ influential proponent oi’ tl;e perc74ql deficit -
explanation Sf dyslexia was Orton '(1937), -who sugges ed tha}'/i'eaﬂing
disa.bility (or as he' termed it "stre:phosymbolia") cauSed by v-isua].--El
spatial confusion stemming from delayed la.tera.ileunina.nce~ for guage; )
Perceptua.l disturban 5 said to be especially e?rident in the Form of
("seeing" b as d or was for saw), as well s in orientation and sequencing |
errors sometimes observed in the writing of dyslexics ("mirror writing")
Orton believed that such’ ancma.l.ies occurred because, of the fa.ilure to
. suppress one of two synnnetrica.l "engrams stored in eachbof the hemispheres,
owing to the ‘inability to establi-sh h&sphjericdaninance. He considere‘d
such errors to be of ca.rdina.l importa.nce in establishing a dingnosis of
dyslexia, and suggested that they would ecome manifest only 1 the '

processing of symbolic stimuli such a letters and words.

L4
r

Several variants of Ortcn s theory appeared subsequently, most to _
sane ertent influenced by bi{writ "gs. For example; Bender (19'56) -,

suggested that speciﬁc reading sh.bility wa.s the result of disturba.nces

in visual form percep,;tion and gure-ground abstraction, associated with

- A
-8 n%:‘ological matu.rationa.l ‘28g. Drew (1956) ad.ppted 2 ‘similar position,

Hemann (1959) attribu ed dxslexia toa congenital disposition toward

spatial confusion, and app entl,v/believed that one's "sense of direction"

was an inborn entity s orted.by specific neurelogical mecha.nisms rather

de,termined by relat‘ive coordinates, He also

’

Ny



N N '
i . : | X

Qlieved that, directiono.]f conmsion would be manifested, not only in t}ae
\

e .

‘poor Feader's at‘mmpts to procesxlinguistic Symbols, but elso in | '_’\v ,
. processnngsymbolic materia.l of any descriptim{’ such as num erale and CL

musica.l notations. - : e B

- -

A number of authors (e.g., Kephart, 1960, Cruicksha.nk, 1968; :E‘:;ostig
and Ms.slow, 1973) have associated reading problems with perceptua.l o
dericits more basicelly ca.used by motor disability 1eeding to deficient S

perceptua.l-motor integration.. And s’ané’(Getma.n, 1962; Ane.po e, ’§967)
suggest tha.t‘perceptus.l impairments a.re caused by structura.l isOrder of

P |
°

° the eyes. ) - ‘ ., N . N S ;
F Specie.l mention might a.lso be gizen to Birch's (1962) sugé{stion’ E
ths.t dyslexia, in some children, ms.y be the result of the failure of |
> - the visual system to he,cume the domina.nt modaﬂ.ity. This authér pointed out
- that, during Qhe course of norms.l development s the teleoreceptor systems
cane to supercede the proprioceptive systems s which in large meﬂsure
*8tracture attentiona.l processes in infants a.nd very young children. . 'I'hus

e it was hypothesized that sueh ﬁevelopment may not take\ pla.ce in some poor .
CON\ . ) e
) rea.ders, thereby causing a.ttentional and figure-ground difﬁculties in

\\Pycessing visual stw:.rc ii.962) a.lso proposed that some poor’”’
"~

readers might 'be hampered by a specific deficit in learning visua.l pa.rt-

whole rela.tionships, although the na.ture of this disorder was not made

.  explicit, '_ SV .o o . .
'i'wo mor& recent versions of the perceptus.l deficit explanation of

. reading disability are also worthy, of mention. °Sts.nley and Hall (1973)
suggest that dyslexics may be subject to diff‘iculties in fom perception S
¢ a.nd <ptlie1= visua.l distortions because of abnormally persistent after images,

the dura.tion of the a.ﬁ:er image in norral individuals being apywhere between (

s , '
[E - P i N . .
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50 an 300 milliseconds. These authors have presented evidence which

s ason (1975) theo?:ized that poor readers » while most likely

N intact wi h respect.to form. perception and spatial orientation, have

\

; d icultg in perceiving" ‘the spatial locations and spatial redundancies

<~

readers were subject to theicurious_visual_anomalies,that_orton and others

of letter ih ords. Redundancy, in the occurrence and 1ocation of given . /

.

and the presumption is that poor readers literally do not perceive such

Interestingly, en'ough" this hypothesis is extended to 4

appearance o' those shap y be mediated by different braip regions o

(Ma.SOn and Ka WG Pe 3’47) - A .0 ..

he ab theories, while scmewhat disparate, share the same central

-

‘themé o that S, . ghat poor readers are’ deficient .in processing visual

‘information, especially information of -a symbolic nature, However, in my

cpiniOn, perceptual deficiency is an unlikely source of specific reading '
disability, at 1east insofar as such deficiency is. conceptualized as the \
result of a basic organic disorder causing disruption or distortion of the
distal stimulus. This seems to be true on logical as well as on theoretical

and empirical grounds. Let me be more specific._ ’
| First, as "pointed out earlier by * Benton (1962), if, indeed péor

N . ¢ N B
bave suggested charjfterizé.thiswgroup — that is, optical reversibility

4

.
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B spatial'confusion;ffigure-ground dysfunction and the like — then such -

disorders should be apparent in many other functions in :zily 1iving.
sug

Yet there is. no evidence that this is true, Moreover,'t gestion made

~.

by Orton (l937) that perceptual distdrtio?s should occur only in processing

~—

o symbolic material such as printed 1etters and words seems couﬁterintuitive,

particularly-since there are more.parsimonious explanations of such e &

7‘£"disorder. For example, I will;present results below which indicate that the

letter orientation and sequencing -érrors sometimes observed in poor readers,‘

l

- and long thought to constitute compelling evidence for inferred pereeptual

deficits in such children, are not primary manifestations of spatial and

directional confusion, as suggested by Orton and others, but ‘are- in fact

‘1inguistic intrusion errors caused by dysfunction ‘in verbal mediation.

Secondly, I quite frankly doubt the contéﬁtion that poor readers are
/ e .

spatially;jnd directionally confused as a result of some c enital or

| deﬂélopmental disorder of basie cOnstitutional Origin. This view carries

with it the assumption that "directional sense" is an abs ute function

that is determined by neural mechanisms especially designed for F
pnggramming direefion and orientation. This seems to mé to be at variance
with parsimony, . Ihdeed, it would appear that orientation in either two or
three dimensional space is a relativa rather than an absolute function

vthat emerges largely begause of relationships that are acqﬁired and not

;because of ‘ap 'inborn "sense of direction. We progran proper
: orientation and direction by storing information that Juxtaposes: specific
lenvironmental and/or representational coordinates, most of which are quite

. Al
-./, . arbitrary in nature. Thus written English is processed from left to right,

o

B while Hebrew and Arabic are processed rrdﬁrright‘to—leffjrbut' -

3

dérectionality in such instances is 1earned not innate as implied in

[
.

. . .
[y . A\l
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-
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s;:atial deficit theories of reading disability. | - J .
| Third rather than suggest that the .poor rea,der s inaccuracy in
' discriminating letters a.nd wgrds is attrib able tb organicsll(y der:wed
malfunction in perception, T think it would be more accurate ‘to suggest
that visu&l discrimination problems are secondary manifestations of more
,'basic dysfunction in coding the linguistic components of printed words s ¥

. o ,'.w‘hich in turn, lea.ds to inefficiency in attending selectively to information~

| that will facilitate critical di/s"binctions. /To be more specific, the
ass’umpti'on is made that the linguistic features contalned in printed
. '-words constitute implicit "cues or mnemonics which both assist and
- monitor the discrimination process._ Thus, the child who is sensitized' to
. N 3 .

the sound and a.rticulatory d erences in smi_'l.a.r appearing letters and

“ " words (e.g., b d, was, saw, not ton) and in the case ‘of the words, knows

N

b something about their mea.nings and use: in sentences ’ has a8 considerable

y v

amount of (verbal) information that aids him in programming the correct

orientations a.nd sequences characteristic of those configurations. On theé

-

other hand, the child who ha.s difficulty, either in acq.uirdng,. or accessing ;

such linguistic detail, will also have diff:l.culty in beccxning sensitized to ’

subtle differences in the appea.rance and structure of lette,rs and words s

and will therefore be inclined to process their featural characteristics ,
P N

globally and inefficiently. 'I‘hus\ he will bve chronically disposed toward
s ’ 1

making thé’c_ind of positional and sequential errors that prompt the

| suspicion t at he supports orga.nic disorder resulting in. perceptual

. deficiencies of the types }Zi?xsly proposed in the literature. , ' /

3

The, above 'bri-ngs me to a final point I wish to nfa.}:e, in conténtion‘_

) . . Vy ;‘ . . . B
with the perceptual deficit explanations, of specific reading disability.

- - .. .
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/1965, Smith, 1971; Ma.ttingly, 1972 Liberman’ a,nd e ler, ,19775 a.nd

/ belie\re that. & careful a.n&lysis o:f the Process will re’vea.l that ;I.t ?‘;

"'-, // a tnxes “the visual and linguistic systems unequally For one thing, this ‘. :
/ function mquires only discri.mnetion and recognition of the visua.l l ; “ .
/ - / ccmponents of words, but recall of reproduction of their verba.l ccmponents, “

/ L
recall by defi.nition invol'v:.ng the recollection of more detailed informa.ti

‘than recogﬁ.t)ion (Underwood 1972) In other words the problem lies V s

verba.l memory not in visua.l memory, since in rea.d:.ng, the visua.l.- syste:g is
. not required to do a great deal of remembering. COncretely, the difficulty '
. ' xexpe&ienced by poor\i'eaders is net in distlnguishﬁ,ng the v--j.st.m."i-7 fea.tures of

b as opposed to 4, but in re.membering which one is ca]_led "bee®, a.nd whish

. is called "dee ~— . no . /-

1

We can reinforce tl)e point made above by underscoring the fact tha.t N

vord decoding, i.nvolves the processing of much’ mox'e verba.l tha.n visual R

.-,

ini‘omtion, g'iven that each printed word conta.lns three féatu.ra.l categories

tha.t have reference to its linguistic propertn.es (semantic, syntactic, a.nd

®

phonologiq) and on]y two that have reference to its visua.'L chara.cteristics
Lo >

(graphic and orthographic) Furthermore the redunda.nt and invaria.nt na.ture -

Yo
ﬁ." of Mglish orthography a.ctuallya allows. for considera.ble econany in processing

4

“the vispal featu.res of printed’words, in that ceﬁwyiin letter ccmbinations ,
/

occur with high frequency in predictable spatial locations (e.g., _gg, tion, '

. 1 read t t
ing) me normal reader soon Yearns to ca.pi a.lize on this aspect of

>




il ’"f’-~cr1t1ca1 discrimina.tions.

//'/ .

Ving a;
_1.verbu.1 canponent. It 1s a.lso likely, tha.t d;fﬁ,culties in suc', | 1ea.m1ng

| 4vu.1nera.ble to dgﬂciencies in one or moré a.Spects of lea.rning::inv 1vi

.‘T_:mld eventua.te m thé fa‘ilqre to’ develop efﬁ_cignt stmte&es for‘ |
B processing the graphiym\orthosraphic' cwponeqts of pﬂnted words, ‘.
’ : _‘thereby creating the impression tha.t v:lsua.l discnminatiom errors a.re the
f"resylt of Perceptuﬂ-l disorder in the sense in whlcll{oh_—ls term _19, typi‘caJJy

, 4' employed. : -',. ' - ’ f S

-

l_ - Support fOr the position ta.ken a,, ‘e is both d.trect a.nd indirect. |
D:lrect support comes ﬁ-an studles which y:lel&ed no: difrerences between pqor
'a.nd normal: readers on measura of visua.l processing when the effects of |
‘ group dig‘erences in ver'bal abil:.ty have been controlled. Indirect support
comes' from recent studies that ha.ve relia.b]y demonstra.ted reader group
‘ dirferences :Ln va.riorus _aspects of ]ing-u.istic functn.oning (Vellutino, 1977,
' Vellutino, in Press) However, the rena.inder of this pa.per w:l].l ‘be
prima.rily concerned wlth the results of stuches evaluating visual B
deficit theories of reading disability. I will initially rev-iew ‘and
eritique research evidence ‘that has been offered in support of ‘'such °
theor:les a.nd then reviev a number of studies 1ssuing frcm our own

-

1aboratory, the results of which tonstitute the prima.ry basis for our

position,’ - o B

-

.. . ' . : P IR S
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n-an aeveral distractors a.nd match it with a sta.nda.rd.

,HJ

Diij:,ractor :Ltems typica.].‘Lv appear :Ln a honzontal"arra.y on: the right a‘;‘”‘::-‘:'i‘"i
side of the stimulus a.nd are most _often presented with -thené‘ta.ndard in ’
m.'L‘I. view. Z[t would therefore seem to be a straightfomrd approhc/l; to . ‘- ey
the assessment of perthioning. T u oLl :

A mnn'ber of studies have, .in fact, reported sig;i-fieent q:lfferences _ o
beﬁem poor a.na norgml réaders -on’ tests of v:lsua.l-motor integratlon and
 shape matching (e.g., Smith, 1928; Gotns, 1958~* Silver and Hagin, 1960, .
= j “Iavell, Shaptcn a.nd Warren, 196&, I.ovell Gray and Oliver, 196h), a.nd - -

-

- Nstill others have found moderate]y high correlations between ,scores on ' :

these’ respect:Lve mee.sures, administered to k:lndergertneﬂsf » and scores on

E S . . _ ~
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ha.ye empioyed the‘(fqgure-drawih 'é.nd matching tests a.s\ measures of fom

‘tests as m;a.sures of perceptua.l ﬁmctioning is de’ba.table. Tra tion

S 1,
1

. notwithéta.nding ‘there is ‘ne ccmpe‘lling rea.son to"bel:.eve that. mo’ﬁ”" s
| deﬁciencies ’ or dysfunction in visual-motor integration. ha‘s a.nr influence B
ﬁha.tsoever on visua.l discrimnatioQ and vlsua.l fom perception. Indeed, -

\ * logic wauld l;ave it otherwise.ﬁ As. pointed out in G:,bson a.nd Levin (1975), .

the:;e are ma.ny children afﬂ.lctfﬁ with even very severe motor di.sabi]itiet

who becmne qpite litera.te in sPite of such ha.ndicaps, children w:lth
( va!rying degrees of cere‘bra.l palsy being ca.rdinal em.mples.- It is the{efore !

-

R _-("

/dcubtml tha.t ﬁgure-d;\wmg tests will teJ_l us tuhrthing about reading -,

' diaability. In fa.ct the results of ptudi,es enp]_oy:[ng such méaSure&_to
: H
L 3 . o . . . («" -‘. . ;
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evaluete percept'u&l def‘icit expla.nations of this disorder are not only

questionable, but nl.l most likely p}ave to be ~" 1ittle mament.

The visun.l ma.tching fest as a meesure L » o on is also
questionable, at least as regards the use . $ e ... a.lterna.tive
format typically anployerh.:m both resea.rch and clinical study. It \r.l.ll
be reealled that such mea.sures usua.l_ly present the standard stimulus

on the left, angd the. distmctor a.nd .target items on the right., Given that

this prOceaure requires the systedatic camparison of target and several

alternative"s, we may’reasonably suggest that successful performa.nce relies

more heavily upon cogliti\fé functions ;such as memory and eoding’_el_’:ility,

than it does upon basic visual discrimination skills, Success on

'\v.-./*ﬁ:atch.ing tests would also appear to be influenced by experience,

/

/-

particularly experience that develops the type of "work habits" tha.t
w dispose a child to systana.tic and strategic scanning of the amount of

visual information included on tests .of this sort. Calfee (1977) ha.s

V4

provided same evidence in support of this contention. ‘Ina series of ’
related studies ccmpa.ring single versus multiple alternative forma.ts for
visuml ma.tching, it was found that the single alternative procedure reduces

the error\ rate to negligible proportions, even in very yoimg (kinderga.rten)

children, Calfee (l977)ha.8 also demonstrated that on the more traditional

matching (multiple distractor) procedure, the probability of error

increases as the location of the correct match moves farther to the right,

He therefure suggests that the match to standard tests commouly empioyed

4

to measure visual discrimination (e.g., "Ot:i.rea.ding' "readiness" tests), may

be c.?nruunded by visual short term memory and coding ability, both of whici.
are called into play when 4he child attempts to hold the standard 1a wind

as he searches the distractors for the correut watch.

L,

-
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Of additional i}iterest is Ca.lfee's (1977) obseryation that measures
which require the visual matching of” letters and words lend an advantage
/to kindergarten children who aaﬁ-eady have same degree¢ of skill in reading,
thereby accounting‘ for the,.positive correlat.ions wema: ws -=‘>wmes tests

"~ of reading ability administered in first gfade, anc periorma <e sests of
visual matching administered earlier. On the other hand, this correlation

~

was found to be negligible when a single alternative format vas used to
L] 0 -~

assess visnal discrimination'ability. Calfee (1977) concludes from these
| findings that visual discripination skills acCQUnt»qgr a very small ¢ )
1 proportion of the variance in reading ability in beginning readers.

It should be clear from the above, that the results ofﬂﬁnvestigations
evaluating form perception in poor readers through the use ofwisual \
matching procedures can by and large, be challenged given that most employed
the standard format (multiple distrgctdr), which, of course, does not control

for memory, coding strategies, and in some instances, experiential factors

'‘as well, More importantly, the data again emphasize the hazard in

///¥7>

aseribing perceptual deficiencies to children who perform poorlyzbn visual

discrimination tasks, since their performance may be more accurately

ascribed to impairments in higher order coénitive functions,~;;d/or
experience of the type necessary forssuccessful performance on such tasks.
The positive findings reporfed in the studies referenced aboye are
also equivocal because of sawpliug and interpretive problems, As regards
the first of these difficulties it willd be sufficleut to prolint out that 1.
all but two of the studies mentioucd (Lovell, Shapton and- Warrcn, 19ok;
Lovell, Gray and Oliver, 19y6L), there were no adeqégte controls four poscioa.
confounding due to Soclo-economic factors. With respect to the sec.ud

<

problem, it should be wnoted that poor realeas 1, 8l of thuse uvesald,. . au..

L,
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" were less proficient than normal readers .on a veriety of tasks, both verbal

]

and non-verbal, Ea.nd not exclusively on measures of perceptual and
ctioning, Thig. suggests that the subjects ev'a.lua.ted

. perceptuai—moto
vere 'ﬁhmcter:lZed by general learning dif‘ficu]?bies, rather than. specific

lea.rning disa.bility resulting from msn*m- dis::rder.

More direct. evidence ﬁha.t v chsfunction is not. a

: signiﬁ.ca.nt dorrelate’ of reading disability, is derived from seyeral better

'controlled studies which found .no sigm.fica.nt differences between poor a.nd

T

normal .rea.ders on tegts of visuat-motor functioning, and| visual perception .

lﬂ(Nie‘lsogl and Ringe, 1969; Symmes and Rapoport, 1972'; v tj‘.no,' Pruzek,
. . , ‘

,.Steger and Meshorulam, 1973; Vellutino, Smith, Steger and Kaman;’1975).
'\

Notewo;-thy,is the fa.ct _that the sampling procedures employed in these

e

'.anestigations were much more stgingent than those employed 1n the stydies

' referged to a.bcnre. This of course reinforces the suggestion that observed
. ° ol : .

graup difi‘erences on the mea.sures in contention, may have been ca ed by

. a va.riety of extriﬁxsic factors, a likely poss:Lbi],ity in the case of

: heterogeneous, or ill-defiped samples. A '

While the majority of studies eva.lua.ting adequacy of form percep;tlon
in disabled ( aders have relied upon indlrect methods of assessment, such
as figure-drawing and ;atching taesks, a few investiga.tions have recently
attempted to more directly assess this tunction, by camparing poor and
normal readers on measures iz_hich evaiuate visual discrimination durlng Lhe
initial stage of visual processiug, that is durluyg the rirst 30U milliseconds
followliug tenninatien of stimulus exposure.' This Jduration represcuts the
approximate longevity of the visual after i:muge, 1ts brief existeuce, 1a
effect, placing a uat.ura.l“c;)uut.raiut. on the amvunt o tiwme alvaila.ble tor

visual analysis aud synthesis. Thus sludleas whilch ascesscl tultlal ulag.

Lo
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processing in pooz: gmd nom&'i ;-eaders,' employed exper::dnepta.l methdds which
lim:lt the duration Gof the after image, thereby iqsuring that 'v:lsua.l

'diacr:lmina.tion was ba.se;i upon direct analysis of» £he stimulus, rather tham -=—-
coded representations of its characteristics. A b;-ief revi;w of a -
representative sampling 6% these <tudies -follows.

-

Stanley and Hall ‘#% & -© . ypothesis t'. - > .. resders

bake longer than proficlent readers to tra.nsfer visual :mformation fram

-

ensory to short-term stora.ge. of pa.rticula.r interest was the duration
he visual after image or "memory trace." A prot;'a.cted memory-_ trace
could conceivably disrupt form perception by ‘creating a natural "mask"

. . . . . L ¥ R - . .
for incoming stimuli. Previous research (e.g., Gummerman and Gxay, 1972)
B . <

 'bad demonstrated that trace duration is greater in children than in adults', /

and this prompted the sugge;tidn that dyslexics may de characterized by ’
an abnom;a.l]y persistent -semsory ima.ge, as a consequence of developmental

» ) " //-,"—\
immaturity. o co : / .

A

This suggestion was tested employing a tecﬁnique devised by Erikson
and Col_‘l.ins (1968). - These authors found that presenta.tign of two halves
‘of gd.vén'figures (e.g., N and 0) in very close succession (e.g., 20

milliseconds) creates gl:he impression of a camposite (gg), because of
averlapping after/hmﬁbs. . However, at interstimulus intervals (ISI) or

P g

sufficiently long duration, the constituents of the composite are

percelived separat?q.l,y. A(l‘pe 1SI at which the rigure 1s no longer seea as a
canp.os‘ite therefc;re becanes a convenlent measure of trace duration. »

This procedure was cuployed with dyuslexic aud norual readers Lo weo., -
10 and 12 years, presenting sub,)c s ujt.h the word NO, a .ross, aud a cruas

sucrrouuded by a square. tinylo_ying € method of asceadlug llulis, which 1o

an absolutc Judgement p.ovcedure, subleuts wer. reguired to ludleal. Lhe

L,
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roint at which ‘th"ey(lperceived‘ the""break up" of a flven fi"gyfe{ The'

\
: dependent variable in this study was t,he ISI at which the two' halves of

S s

&

the ¢ ngositg‘.ﬁm& appeared to be separated Subjects were also asked
to 1dentify the f‘igurea presented. - It ¥aa found that the inean 'iSI 7 ”
. . ® .

reporting the geéparation was é\‘e{ter in p§or than in normal readers. The

=
poor readers also took longer than the normal readers to identify each

v Vs N
rigu.re. ’ , .

In & ‘second l;hase of this study, the authors gave the same cinld%
brief presentations (20 milb,seconds)- of {ngle letters for identification,
followed by a masking stimu.lus comprised of a dot, matrix, Employing 20
millisecond intervals between presentdtions of the target letter shd the" |
mask, i.t was .found tha.t the poor readers required a significantly imgér
ISI between the letter and the mask for cerrect identification. The
authors concluded that both duration of the visual image and rate of //./‘
transfer to short term memory is greater in stlexics than in normel /
readers. They Sﬁgéested further th.at a/,'mory'"-tra__ce‘of extended 'duréﬁ:ion
may interfere with subsequent stimulation and thil;I?rception of incaming

- - e

& above results are interesting, ‘but questionable on both ' -

stimuli.

methodalogical and interpretive grounds., . The most obvious weakness of
the study is the use of an absolute Judgement task to evaluate trace

. .
Iduration in that it is an indirect and highly subjective measuic thal way
not yield reliabie results. it 1s entirely possible, for exawplec, that
the poor reedezi iu this study had longer 1S1's because or a conscivalive
response strategy, sather than any basic deficlencles iu tia.e ouratiuu.

In other words poor readers, who, gencrally specaking, may bLe characterdz. s

by greater uncertaiuty in performance situations uf“ nourual tecaders, wmay

L
™~
L.

/
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hnwe been more hesitant than the horyals, in reportigg vhat'they saw, That

t g8 is a reasonable interpretatien is suggested in the finding of no
/)
/differences between réader groups in two separate studies (Stapley, 1976

//(ﬁgnett 1977) evaluating trace durationfnnd rate Q{;processing, employing . B
//’.: a forced choice method of disct‘minaticn, rather than the ab;olut,-
S hdudgement procedure used by Stanley and Hell (1973)
Furthermore, it is nbt surprising to find as did Stanley and Hall
5 (1973)\ that poor rEaderqytake longer&than nhrnml.reade!L to ideqviﬁy !
1gtters. Poor readers, by definltion, are- characterized by uncertaintyﬂ _
in letter and word identlfication, even under optimal stimulus\ponditions.
*  Thus, un@er less than optim#l cond1t10ns - for examn}e in very brief.
'xtachistoscopic exposures —- poor readers may well be indeclsive, thereby
;- 1nflating the ISI fram trial to trial, I any case the results of the
Stanley and thl (1973) study are equivocal and the authors' interpretations
. of their findings ig debatable. / o f ' R
) ' The suggestion that p007 r7hders are characterized by dysfunction in
‘ initial stage-processing is further gquivocated byvthe results of two other
studies which have recently % eared in the literature. Briefly, Fisher
and Frankfurter (1977) evalpated trace duration in:one grdgp of poor X
readers (age 10 years) an two groups of normal readers, one matched with )
the poor readers for age f and a.notl'lsr matched for reu.ding level. A
bachward masking pauudig;n was employed to evaluate trpce duration, auna
v}jiz;g.numbera (two, four and 81x) of upper case letters served ae the
stimali. H&he masking stinmulus as a Jumbled group of letter fraﬁmeuts,
presented imeﬁiatelx after a 200 willisecund exposure of the target
stimulus. The dependent measures included numbcr of letlers .orrecly,

v

! -
identifieqa, and their exact spatial locatlous. Allg subjects weic cuwp..

o ;> 1 v o




" 'both ‘groyps. The resul‘< - ¢ alg0 contra:. to the view that reading

& teardrop indicator presented at varying delay ‘_ihtervals' fram O to 2000
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under both mask a.nd no mask’?pditioﬁs. . L
Poor rea.ders genera.lly performed q,s well as the children in both
normal ‘reader groups under both stimulus conditions. In as much as (the
msking condition a not a.ffect the poor reader‘g more adversely t , the

normal \rea.ders, it was concludedftha.t trace duration is comparable in

disbability' is a.-sso.cﬁia‘.ted-,)d;th defic;‘Lenoy in form perception.
finaJiy“Mor:ison, 'Giordani and Nagy (1977) campared irlitial stag
processing a.nd short terpm memory f‘unc‘ltionz’.j 10 deﬁcient and able reader
1n sixth grade (age 12 years), employing ?" variant of the partial report
t{echnique initia.lly devised by Sperling (1960) Each subject was presen ed
with a circu_la.r array of three sets of eight visual forms for'bri\ef’
exposures, Stix;mli included upper case letters, as well as geometric and

a.bs:tract fonns.'. Each arrey was exposed for 150 milliseconds, followed by

millislcands. The indicator appeared directly under the space in which a
given form had been located, and the subject's task was to report the -
pa.rticuh.r item that previously occupied that space. It was a.nticipated
that a perceptual deficit would be associated with reader group differences
on pr;sentapions between O and 300 milliseconds, while a memory or
decoding detficit wovu.}.d be qssocioteti‘wi th'grorup differences on prescutations
above 300 milliseconds. Contrary to the perceptual deficit h,ypothcsig\
poor~ rea.dexs performed as well as no:wal readers on Osures below 300
milliseconds but aol as well ou espusures above t r:&uxc It waa
therefore councluaed Lthat poo.z readers are characte U—.ed by deilclencica

in Short~tem memory and encodlng, rather Lthan dysfuuctlon lo forwm

pexception,
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‘ The results-of:the few studies-avﬁilable valuating initial stage
processing in poor and normal readers are cﬁpf cting, and further research
is obviously needed to clarif& qucstions that have beeq;ralsed Howevgy -
we doubt, on logical grouﬂés, the suggestion that reading disabili+v»*° ‘

5“:ssoo-lrﬂ-e-r‘ with deiciPn+ ’“Tm nercep+1n :«wqed by an unusually protracted ,
aftex xmage, as suggestegd by Stanley:and Hall (1973) Sufflce it to say,
in support of our contentlon, that such an ;nomaly, even if characteristlc
of poor readers, would not likely constitute a serious. 1mpediment to letter
and word- perceptlon, s1nce a child so impa1red would no doubt learn to
adjust the amount of visual information he attempts to process in reading;
and the ra¢¢ at which he processes such’ information, so as to insure clear
vision and reliable perceptlon. v

Furthermore, a trace persistence theory of reading disability,\ or

for that matter, any deficit theory which emphasizes deficiency in form
perception as a basic cause of the disorder, cannot readily account for the
majority of ‘word decoding errors made by poor readers word substltutlons
(e.g., saying /Kitty/ for cat, fwas/ for saw, etc.) and phonetic mispronun-
ciations,(saying /shop/ for Eggg).being cardinal exemples. Such 1naccunacies

. would secem to reflect impaired verbal processing rather than deficiencies in
form perception. wWe are therefore confideut that such theories will ultimatcly

be discarded. However, we Lully acknowledge the utility of additional study

of 1nitlal staye processiug in poor and normal readers, 1f ouly to recouclle

~
A

co.fllcting results which huve appeared in the literatu.e, since tids
approach clearly permlls a wore direct analysic of the forwablon of vi.aal
images than do tiaditjonul wethods that have been cuployed,

As noted carlicr, the visual deflcil explanatlon of reaudog dd.ai i
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has several variants_which have been proferfed. In addition to
deficiencies in form perception, this disorder line hee -1, ;. x

\spgtinW and Adire~' ) gl mfNS it me well as uystunction in figure-ground \

perception, speed of visual processing, visual.memory and perception of -

§petia1 1ocation._ A brief and selective review of'laboratory studies

»

.

/'evaluating these possibilities follows.

Perhaps’ the most camon theme among perceptual deficit theories of
. reading dishbility is that dyslexics are characterized by deficiencies in
processing spatial information (Orton, 1937; Hermann, 1959), Such
difficulty is said to be manifested in orientation and "sequencing"
errors in oral reading and writing, inability tq,establish a left-right
directional set, difficulty in differentiating the two sides of the body,
and like problems, we have already Traised a number f questlons about the
logic behind this theory, but can point out, in addition that there are
very few studies which have directly assessed its validity (Benton, 1962,
1975). Such studies include tests of left-right discrimination (e.g.,
. Harris, 1957; Belmont and Birch, 1965) and evaluation of positional and
directional errors in reading and writing (Lyle, 1969; hiberman, Shankweiler,
Orlando, Harris and Berti, 1971). A general finding in these investigations
was that poor readers had’more dirficulties than normal readers in applying
the correct verbal labels to configurations which differed only with respect
to their spatial propertics. whiie_sumc authors interpret such fiudings ’
as. evidence for spatial coufusion in pOOs readers, net all do so.

For example Liberman et al. (1971) fuwd that contusions i
oricutation (b/d) e.nd sequencing\(was/saw) account<d ror only tweii, 11..
percent of the total nunxber of oral readiny crrors mude- Bl 1icts contalul

a high _pl‘OpO‘r’tiou of words designed to elicit spatlial liac, uraclies.

-

h 1
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In addition, trese rwo types of errors vere rot nighly cor.-- ‘ate., as woul:
be predicted by the spatial deficit.theories of reading disability. Indeed
the author suggested that such inaccuracies were, in fact linguistic

intrusion errors (mislabeling) rather than perceptual distortioni, an‘\

' interpretation vhich may also apply to observed ‘differehces b;tween poor

and normal readers in naming‘the tvo sides of the body (Harris, 1957,
-~ . , (_
Belmont and Birch, 1965). - . PR

To continue, ‘a study by wechsler and Hagln (196h) evaluated ‘the

Bpatial deficit theory of reading disability in poor and normal readers

- in grades one and three,. Subjects were compared on the matching of noyel

figures shaped like a’lamb chop and differing only in‘?riéntation. Reader

'groups were identified by teacher judgement in fikst grade, and a group

q .
test of reading achievement in third grade, but no other description of.

the sample was provided. The matching test involved a standard and: six
alternatives, and was admlnistered both with the.standard remaining in
full view, and exposed for brief (3 second)Adurations.

. The poor ;eadérs did not perform as well on this test as ‘the normal
readers,‘although the magnitude of éroup differences was greater when the
standard had to be memorized. In eddition, significant correlations were
found‘between the matching task and the reading measures, but only for |
children in first grade. The authors concluded that spatial orientatiou
a.bility 1s an important skill for "reading readiness' aund that po&n -

A
readers may be deficient in thib runction,

I am inclined to doubt this 1nte;pretat1u“ Ol Lheae £1.d1luge Lo
scveral reasons. Aside frau the fact that achievewent criteria 1. LA,
study were weak, and the nature of thg saug,lé was :.wt. apparent, thoae 'wa

KN |

no documentation of Lhe ract that the pour reader. tested were wctually

/A
. ‘.,

. . &y
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characterized by a high fncidence of "spatial conmsion errors in reading
and spelling. In addition, it should be apparent’ ﬂram ;Lr previous :

'~diacussian, that 'the matchin task employed in the study may have
inordina.tely ta.xed the visua.l informa.tion processing devices of the
children in this study, unless they ué}e sensitized to the need tb\\\\\
systematically search for and deiiberately code subtle differences in
similaf# appearing figures — in this case'— differences only in spetial_
orientation. To infer that poor readers, who were not sensitive to such-
differences, were "spatially deficient" (when this”termfimnlies a basic
neurologic dysfunction or developmentel immaturity), iefperheﬁé to -have
‘violated parsimony, since group differences may ha;e been due to

m

experiential rather than constitutional factors. In fact, it is quite
conceivable that success in reading becqnes the occasion for awareness
of the significarce of positianal and directional constancy, which of
course would imply that poor achievement in reading would impede the
development of Such awarengsg. These findings tnerefore afford no
convincing evidence that disabled readeYs suffer fram spatial confusion,
which appears to be also true of other studies ogfering support for this
]

point of view (Benton, 1962; 1975). Indeed, we will present evidence below
which substantiates our beliet that this hypothesis is invalid.

That poor readcrs way be characterized by defl leucles .1n Liguie
st vund perceptlon was cvaluated in three studies cuanparlug Jieamed au i
normal readers on tesis of Lhe ablility t. cduce wdaple (igures cabeaded ...
caupl ea visu:i\nrru{? (vilver and Hagla, 1960; hucinnbcr,‘;E}%B and Ba 1,
1960; Luvell, Gr:\y‘ a?m Ollivc.::i 190h).  wWille tne dlsabled . cade:r. pefuime
below the level of nonual yeaders ou wabedded flguies tesis Iu ca b Ul (hes

L

studlces, Lhe resulis caanst neccs;.zuwly Le Lalcu as o.pporl 1’,; e
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hypothesis in Wn. .We might point o.ut initially that in one bf these .
IJ‘ N

investiggtions (Silver and Hagin, 1960), the -constitution of the .sample was
questionaﬁle in that there was no control for such va.riables as emotional

disturbance a.nd socio-cu.'l:tural dif‘fere;ces. Thus rea.der group disps.rities “C

1S

may have been due éo extrinsip factors. And while the samples in\the other .

twp studies were better defined,. theid- results were inconsistgnt in tha.t

N

poor readers performed as well as normal readers on sane measures of

ground perception and not as well on: others. Thus ' theé reliability of t)ée

findings 1s in:doubt, ‘ S ( »

' However, we cen also question the results of these studies on ~

. interpretive grounds. Analogous toa s:Lmilar pomt made ab}:ve, it is

possible that poor rea.ders, in pa.rt ‘because of protracted failure in
rea.ding have not acquired appropris.fe 'orienting attitudes™ that. would.
allow themto process patterned information effective]y. It would seem that
success in abstracting' émbedded figures depends in Jarge measure upon the
development of an implicit tendency to search for ordering principles,

and invariant relationships th;.t may facilitate discrimination and
perceptual organization .econcmically and ef:f'iciently. We refer here to a
perceptual "at tude"’ or disposition that is acquired with experier;ce inA
processing ca;nplcx visual material (Gibson, 1969, 1971) — experience which
gradually increases oue's ability to rilter informJlion by discovcrinégmhe |
bases on which qisLxuéquning relationships becowe salient, or “flgure” 1s
abstracted away fram "“ground.” 1t is likely that the chfld who achieven 1.
rcading has acyuired such aun alilllogde, perbaps as a result of general
experiencc,]but waybe eveu aws a partial consequence of his cxﬁerieucc 1
reading. 1Iuis would secewm (0 Le a plauslible suggestion, cousidering tie o

that the icadliug pro.€ss rﬁbwiduﬁ aanpl e opportunity for acyudrlug the

IS

v &
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heuristics/necessary gor processing_ﬁatterned infonmation. Vernon (1971)

X - !'w -
makes a similar suggestion. \ ) > . \ .

"Consistent with 'this poSsibility are the results of respective studies

. condiiéted by Gottschallk Bryden and Rabinov:ltch (1964) and by Olson (1970

in which it was found that the ability to- systematically Scan a campl

visual array . did not emerge before age six the approximate time at wi
the child begins to 1earn to read Thus it is entirely pos;ible that Tk

same of the skills that are. acquired in learning to read transfer positively

. : ‘ h

.to performanceiin abstracting embedded figures. £
. : )

‘In any case, redder group differences on an embedded figures test,

' . does not necessarily imply»that poor readers are perdeptually deficient %

»

in the sense in which this teﬁn is typically employe ; £ that there are

plausible.alternatives'to*this interpretat{on, and, especially since the //
! . . |

results on which it is based are equivocal. o _ .

' While the majority of studies evaluating perceptual deficit explanatlons .
of reading disability have incorporated the assumption that poor readers ' A

are characterized by dysfunction in visuasl analysis and synthesis, even

N

under optimal stimulus cond1tions, some authors have suggested that

LY

perceptual deficiency might not always be apparent in such children,

\ except under stimulus conditions which emphasize speéd and economy of
z U 3

-

visual processing. Thus 8 few investigations (e.g., Doehring, 1968; Katiz ~

and Hicklund, 1971, 1972) have campared poor aud normal readers ou match.
to stendard aud visual search tasks uader Llwed wondltions, rcébrtlng tha. .
the performance of poor readers was below the level of normal teaders wnde.
such condi.t.ions.. 5pu(;c ‘does net pecmit a de tal lcd-accuunt of each of thesSe

: :

studics, bul 1t nnduld be noied t.hat Lthelr results are ejuivocul on

mct.hodoluglcul gzou.pda hspeclally 1.:6blemahlc was Lhe fact that 2u ala (L.




investigat‘ions s sub.jects were compared on the high speed seanning of /-
'.;" letters and words. This, a.lone, questions the findmgs since these .
ma.teria.ls ‘are known to bé problema.tic for poor readers. On the other .

ST hand the study/by Doehring 27/968) also compared these groups on the’
A processing of non-verba.'l. ma.terialg .However, the reliabillty of - o ‘“

DOehring s resu.lts a.re in doubt because poor and norma.l' lﬁeaders dia not

Y .

—_— :
consistently differ on these neasures, or “for tha.t ma.tter on many of
4 -

1
LA the verba.l measureés presented E ¢

- . 'y ‘ L

' A second problem which cha.racterized these mvestigatloqs inheres

in their use of tra.dltloréa.l v1sual matching and- v1sua.1 sea.rch pa.ra.digms,

. v
A Y

" .which as pointed out earlier, confound perceptua.l with memorial fac%ors.
‘35
This was particularly true of the Doehrlng (1968) study, which often’
. involved visual search for a target among & very large number of

distractors—.f" Efficient feature detection in such instanfes would

~

‘necessarily require the rapid coding of the featural characteristics lof' e

g:t;aa.rget or standard stim{xlus, which ,o‘bviously entails more complicated ‘o
‘cognitive processing than does simple form matching.
» -

This brings me to the third methodologlcal problem in the studies in
question, and that is that they did not attempt to (:Ontrol for tH‘e ‘ o

ﬁossibility of reader gxoup differences in verbal encoding ability, bmce

/'—“*c
the tashs employed in &} studies may havc involved visual nepory as well
m}

e
as visual discr,lmina.tion as noted above, dysfunction in the synthesiAn%

and coding, of visual stiwull way haqve a&,wmtcd for perfirmance deficits
in poor reade.s, rather tha.n p[cep‘tunl disorder .

A number of studies. whieh compared dyslexic ainl .. e T
&‘/
afrectly on vdlal meuwory are Jharacterized by sxmil)x diffaiculties 1, fea,

IS

specifically, to a series or luvestipgallous eoA.dufteq vy lyle and G. ern

) ' .,
- &y
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(Lyle, 1968; Goyen and Lyle, 197la, 1971v, 1973, Lyle and Goyen, 1975)
In these investigations ’ dyslexics between the ages or 8ix and nine years |

Ct were found~ to be less proficient than normal readers on short term visual
nehory for both verbal and non-verbal material presented in match 5
r
standard formats and involving both immediate and delayed recOgnition.

N

The authors generally inferred fram these ‘} ults that poor reade_rs are

. cha.re.cterized by perceptual deficiencies. “Yet\they aidinot c+ntrol for
~ possible confounding by virtue of reader group di irences inlverbal
. | encoding ability, as in the studies discussed above.\That this may ge
a problematic aspect of their findings is suggested in o&her results
obtained by these same authors.
Briehy Lyle and Goyen (1969) found no substantial dirf\e\rences S -

. between poqr and normal readers on a measure of spatial reasor

\
(Bloek Design subtest fram the WISC), using the same subjfects vh

mnﬂested difficulty on ‘a memory for designs test in the study r orted

by Lyle (1968) 'I'hese\findings belie the perceptual deficit interp etation,

of reader group differences on tests of visual memory observed An the\ .
other studies reported by these authors, and provide indirect support \for the
possibility of verbal coding deficit as the SOurce ‘of thesge difference o This ’
suggestion is reinforced by the results of yet another investigation by these
authors (Goyen and Lyle, 1971b), in which it was found that’ poor and normal ,
readers did not differ on a measure of visual association leaming. The
1atter‘. finding obviously implies that the groups d¥d not differ either in-
visual perception or ?risual long term memory. We'will present results

: )
below which are consonant with this finding.

Finally, we indicated earlier that a relatively anew version of the
" perceptual deficit explanation of reading disability has appeared in the
. )
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literature suggesting“ that, poor 'reader_-e are deficient in "per'ceiving"

. the redundencies in the spatisl Lohation of th letters in |
English wordo, but. bave no difficulty ip nerceiving their ‘shapes, contrary
to the more traditiomal point of view (Mason, 1975; Mason and Katz, 1976).
in support of this hypothesis, Mason and Katz (\]:976)‘ de'monstra.ted that
poor readers took longer than xiormal readérs in locating IBM charactérs
in a spatially redundant array, but did not differ in detecting spatia.l
location in non redundant’ arrays employing the same characters. Beca.use

| this difﬁculty was manifested with both alphabetic (Mason, 1975) and

non-a.lpha.betic material (Mason and Katz, 1976), the authors concluded
that the pro‘qlem may transcend the pa.rticula.r relatianships involved in

1ea.rning to read; and further, ‘that the ability to perceive the spatia.l

v .
‘ loca.tions of letters, and the ability to perceive their shapes m&v be -
mediated by,different br&in regions (Mason w'a.nd Katz, 1976, p. 347). \

- In my opinion thig latter day version of the perceptual deficit -/

_theory of ,dy/ﬂeid.a is not very compelling. While there is 1ittle doubt
that poor readers do not acciuire the degree of sensitivity to oNhoEaphic
redwidancies characteristic of nomé.l rea,der"s, there ‘i3 no reason to_eqnaté

‘such difﬁ.culty with centra:!. nervous system dysﬁmetion. It vould see!n more

.-r/to the point to suggest tha.t the fallure to become aware of letters in

recurrent spatia.l locations is a consequence rather than a cause of reading

disa.bility, which obviously implies that the disorder ha.s a different
orim Furthennore, the fact that poor readers manifested inefficiency

in making use of spatial redunda.ncy with non-a.lpln.betic as well as 7

alphabetic material, does not necessa.ri]y support the a.uthors' theory,

because the development of the disposition to search for invaria.nge, and

, the acquisition of efficient s_tra.tegies for doing so, may be a by-product




. does not rest on a ﬁ.m foundatiom.
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of successf‘ul‘reading, which transfers positively to the processing of

non-alphabetic ms.terinl.‘ Indeed, Mason (1975) herself‘ produces evidence
that poor rea.ders- are charé.cterized by & "plodding" left-right approa.ch
to the processing of letters in both words and pseudo-words ’ while nomsl
readers secem more disposed to parallel processing of such material, My
point should be obvious, given tha.t the proh il:lty of discovering and . !

mn.king effective use of spatia.l redunda.ncy

4

Thus in my oginion, the theory a.t issue is highly questionable, and clearILv
3 .

-~
»

It should be s.ppa.rent from the above review, that empirical evidence

in support of the visual deficit theories' of reading disabilit'y available - .

dn the ].itera.ture is, at best tenuous. Those studies which have a.ttempted (]

 to validate such theorieqd are: cha.rscterlzed by sampling methodological

a.nd/or interpretive prob , &nd therefore do not make a convincing case

. for the theoretical position they vere designed to evslua.te. However,

the more ba.sic problan, as I indicated earlier, is tha.t the theories
themselves are ill-founded. To reitera.te the major contention, it is my

belief that neading is primari]y a linguist:[c skill and that ‘the dana.nds

.upon the visual systan are not nearly as great in rea.ding as the demands

upon the various ccmponents of la.nguage., This would lead to the expectation .
that visusl discrimination problems would account for a rela.tively small
amount’ of the difficulty encountered by poor rea.ders, a.nd that such
dirﬁ.culty could itself be considered a secmdary manifestetion of more 5
basic prohlems in verbal encoding. Indeed as noted earlier there is reason
to believe (Liberman et a.l. s 1971) that apparent spatial configuration
errors (e.g., calling b d or was saw) are, in fact, naming and

) ®
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labeling errors caused by t‘he unavailability or inaccessibility of verbal )
information. These contingencies generate the Specific prediction that
poor readers would be no different than normals, on measures of visual
enc;oding, if the effects of verbal encoding were controlled, A second

prediction isauing fram this point of view is that poor readers would be

difrer'entiated from normal -readers on various measures of verba&/ processing, .
V4 )

but not on measures imrolving non-verbal processing

w
.

The,, above hypotheses were tested in a series of studies conducted by
my colleagues and I, systematically assessing (1) the influence of verbal
mediation on visual memory in . poor and nomal readers, and (2) group
differéaces on’ measures _of verbal and non-verbal learn:mg Three general

© reader groups on 'short ternt visual recall of letters, words and designs,
_when instructions to subJSs were varied to faci].itate attendance,’ either .

. 2 to the _% or verbaJ. fe tures of those sti;nuli " It was ant cipated .

6 Y L‘
R N e
ST I

,that the poon readens wou,ld pgrfom, as’ well as t,he nomal rdaders on the h

,lv‘!";." - “g : \ ...
A ) ’ns iz ﬁ&;

e the teatural attributes of wofas are apprehended sequentially and R

h.ierarchicalJy attendance to one attribute (i.e., graphic features)

s

manentarily precluding attendance to the others (i e., semantic, syntactic,

,\/i

and phionologic). SRR : _' ‘ o .

A second approach was to _compare disabled and, non-disebled readers on
measures of short and 1ong tem visual memory, employing a novel orthography
= to control for previous experience with letters and words, Poor and nomal

, | readers who had no experience with the orthograpmr, were contrasted with a

-

t-. . . . @ ; )

resea.rch. strategies were employed. One approach inVolved comparisons of. ;’ |

=

-
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group of normal ‘readers who w%-e fe.milia.r with the orthogra.phic and -

linguistic canponents of the stimuli presented. It ws.s predicted that |
AN

the performance of  children " ‘who were unfamilier with the types of

- stimulns words presented would not differ, and that 'ehege children would \Qv

not perf-'om as well as those who\ were: a.cqua.inted with such words.

third approach involved the systena.tic canp son of dyslexic and
normal readers on verbal and non-verba.l lea.ming tdsks involWing various
sensory systems, including the v'isua.l moda.lity. The expectation was that °

the dyslexics would be generally ccmpa.ra.ble..to thé normal readers. on the
non~-verbal learning tasks, but would be less(profiédient than the normals

¢ \, Co . ' _' ~ . s
T on tasks involving a verbal comﬁonent. , T

LN ' .
Reader groups .were cog:pe.red on the differential processing of* the e
viml and verba.l features of printed words in two se'pa.ra.te imrestigetions

¢ enploying the ‘first approach ocutlined above (VeJ_'I.utino, Steger and Ks.ndel,
19725 Ve utino, Smith, Steger and Ka.ma.n 1975) Caref‘ully selected

‘ semples of Severely i.mpa.ired and noma.l readers (ages T % 14) were given

tachistoscopic presentations ‘of words unconnected letters & ‘m‘nnerals‘ i

each varying in mmber of itens per set (3, L, and 5). They were also -

presented with geometric designs and asked to graphica.lly reproduce or

copy each of thegse stimuli from memory. The verbal stiimli .(words,

unconnected letters and numerals) were presented again (tachistoscopically),

“

but this time subjects were asked to pronounce each of the words: which

’

appeared, and immediately a.fter, spell out" their letters in correct order,
They were also instructed to name the mcmnectedq;:ters e&d numerals in ‘e
correct order, when these _con.figurations appeared,

- Figure 1 here- - |

‘ " In both of these studies,h poor readers performed significantly better - °
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4in the visua.l recall of the verbal stimuli, than they did in the naming.
‘ .
of those same stimuli, Furthermore, poor readers performed at a' level 5
{

canparable to the normal readers under the graphic .reproduction condition,

J : . - . - . . j .
f . ! )
. . A L. V? S
’ . - . .
“

- but not under the pronunciation or- naming condition. The only exception
occurred in the case of the -poor readers at younger age levels (7 yea.rs),

who did not perform as we‘ S their normal reading peers in coPyirig the .

five 1etter sets, presumably beca)1se ese stimuli began‘to tax_

upper !

1imits of visual short term memory (Mi]_ler, 1 1972) On the .

1%

other hand, poor readers at older age 1eve1s (11 to 12 yea.rs), ‘copied all

3

4 stimulus sets as well as the normal readers at those same age levels, and

/

. 'group ‘This was a pa.rticularly impre‘ssive finding in the case of (the

e

better than the younger child.ren, including those in the normal regder

[~
C word stimu.li since the older poor readers could spell out the 1etters in.

.given words’ hetter than the norma.l readers at the younger age levels, in
g spite of the fact that they pronounced those words no better (and in some -‘:

cases worse) than the r@rma.ls. This of course is a étrogg bit of S
o evidence that the dii‘ficulty poor ‘readers consistently encounter in | [
word decoding is in the retrieval of the verbal constituents of printed  _
words, and not in the discrimination- of their visual features. The
results can also be taken to mean tha.t the older poor readers had more‘
‘lmowledge of the orthographic structures of -the words presented than .
did the d lnormal readers at younger age 1eve1s.

P\rt er wey, the data suggest that the visual perception of, a

letter.or word is not necessarily reflected in'the labeling and naming of

i
these items. More simply, when a child sees a2 b and calls it d or was and

£

calls it saw,’ his " error%a.re not caused by inaccuracy in perceiving these
3

stimuld. byt beca.uSe he can't remember their n

¢ -,

. . 32




- R - . - .
. ’ " (e

-31- . -
. Reinforcing ‘the above 'conclusion'is the observation tha.t’podr readers
‘dia not differ from,normal rea.ders c: the reproduction of the gecxnetric

designs. These ﬁ.nd:!.ngs, cambined with the results discussed abo’ve,

z s
]

seriausly undermine the perceptua.l deficit -theory of reading disability.,
| The latter conclusion is even more strongly’ supported by the results

of the second series-of stuciies undertaken in our laboratory,camparing
. ,J ' B S~ 4 .
dyslexic and normal reeﬁers on visual recall of words taken from Hebrew

N

(seé figure 2). S
e v
’ . Two of the studies in this series (Vellutino, Pruzek, Stegér and

‘Meshoulam, 1973; Vellutino, Steger, 'Kaman and DeSetto, 1975) evaluated ;
innnedia.te visual reca.ll of Hebrew words in poor and nornal readers ) and a
third campared these groups on both $hort and. 1<mg term 'recogniticm o .
unconnected HEbrew letters (Vellutino,,Steger, DeSetto qu Phillips, 1975)

The. subjects were poor and normal readers (a.ges 7 to 12) who had no prev:.ous

experience with Hebrew; and children at the same age and grade levels, who

were learning to spea.k rea.d and write the 1
' : - hgure 2 here (=

The experimental task in the first studies presented subjects

with three, four and five letter Hebrew wdrds, each stimilus being

~

< observed for as many seconds as there letters in a pa.rticular word.,

Subjects'were simply asked to repr the letters in each word in correct
order, after the stimulus was terminated. As predicted, there were no

‘ substa.nt1al differences between impaired an‘d’ normal rea.ders on the .
reproduction .0f the letters in the Hebrew words in prOper sequence. However
neither group performed as well as the children 1ea.rning Hebrew, except

A}
‘for the three 1etter words s on which the performance of all groups was

9 C . . /
comparable, ' . ‘ ’
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. - . .
or pa.'rticu'lar ‘interest in these studies, is the observation that the
poor and normal readers, who had not been previously acquainted w1th
Hebrew, manifested canpag\,:'ble ‘tendencies to scan the stimulus words in a
left-right d.irection. Thig was evident in e greater incidence of J
oanission errors at the right terminal positions of the words, than at
,any other location. Especially striking, is the fact tha.t the location
and numb'er of these errors was in close corréspondence in poor:apd normal
readers unfamiliar with He'brgw In contrast, children who were learning
to read Hebrew made most of their omission errors &t the left terminal

e

positions of the word stmuli, consistent‘with the right-left direction in‘ ‘
which Hebrew letters and words are ordered. These data, are, of course,
contrary to the view '(O'rtqi,"l.9'37; Herma.nn, 1959) that poor readers are

) g
unable to establish a firm directional set because of spatia.l confusion.

I3

- Consistent vrlth the a'borve rindings are _the results of the third study:

o

in the series. This particular imrestigation assessed 1ong term memory :
for unconnected Hebrew letters in reader groups (He‘brew and non Hebrew)
constituted in accord with sampling criteria employed in the first two
studies in’ t_hfis series. - S;xb:jects were presentet\with one, two, and threef

Be'brew letters, and thereaf‘ter asked to recognize these same stimuli

. among'a group of &istractors on-three separate occasionsvz\ immediately

‘condition on which all groups were equivalent. Especially impressive in

after presentation, twenty four hours later and six méhths-later. Poor
~ \ ) v . N . ‘
and normal readers who were unfamiliar with the Hebrew letters prior

to initial testing, were ccmera‘ble on the recognition task under all three
éxperimental co_nditions. However these two groups .did 1_5;_ perform as well

’r 8 )
as the children acquainted with Hebrew, except for the six-month-delay

th:ls"study was the observation that a significant (and ap'pro:dmatefy equal)

3%
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! mumber of children .in each'of'th'e groups bz;ecognized ‘a significa.nt sbeyon"d
chance) nEnber ot these st:l.muli -even after sixk:-nonths. Thus the raﬂge .
ot individual differences in long term wvisual ﬁcognition wk{uld appeap to
be no dif‘ferené’ in poor as ccmpared with normal readers.

‘It should be noted that these findings are in contrast with those

A}.'.
obtained in the studies by Lyle and Goyen mentioned ea.rlier, which typically

employed visual recognition tasks involv'ing immediate and delayed memory.

However in the 1atter investigations, stimili were exposed for veryjrief

"' ‘ duraﬁons (a,long the order. of mil_'l.iseconds), ‘thereby requiring rapid coding
of viskal ptimuli for later reco:L'Lection, - But in the present study, '
~N

subJects had ample time to synthesize and visual encode each of the

’ stimulus&sets, and this may have . counted for the disparity in findings.

. Indeed it is under condit:.ons charac erized by limited tipe for prwssing
that the abi]:l.ty to employ verbal codes has particular utility. We have

a.].ready suggested that poor rea.ders have dg.fficulty in employing such codes ,

f.nd the point we are making Here shouLd be appa.rent. e /
Additional support for our, position is provided by studies which
"‘systanatical].y compared sevez:elyﬁimp‘aired-and normal"readers on measures
+ of verbal and non-verbal learning — ) the third>/research strategy outlined
ab?ve In several related investigations (Steger,_ Ve.'Llutino and Medfxoulam,
1972; Vellutino, Steger and Pruzek, 1973; VeJ_'Lutino, Steger, Harding and
Phillips, 1975; Vellutino, Harding, Phillips‘and’Steger, 19753 Ve]_lutino,,. .
Bentley, Phillips, 1978), poor readers 'unifon_n.];y performed below the level
,,/\./ of noz-xnai readers on 'paired associates 1earning.involvingf eithef ‘meaningful
) ¢:r nonimeaningi\ﬂ: words. In contrast, the reader groups were equally adept

ng to associate non-verbal representations. Since most of these

contFasts involved visual symbols, we feel confident in comcluding that

D s -

EL
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. poor readers do not experience a.ny more difficulty than normal retders in

visusl association 1earning, except insofar as such 1ea.rm.ng involves

\
Of special ilrt:erest in the present context \are the format and
\

materials anployed in one of the studies in this series. The major intent n

of this investigation was to ccmpa.re the differential performa.nce of poor

and normal :;eaders (ages 9 - 12) on “the coding of patterned informa.tion

association lea.rning. A transfer of tra.ining paradigm was designed to -

i 4

simulate the positive tranSfer which must implicitly occur when the child
learns to make effective use of grapho-phonemic invariance, as, for
example, when he learns cat, rat and ran as sight words, and spontaneously

"7 )

decodes can, Thus the' initial tra.ining task paired bi-syllabic nonsense o

)

. words with novel visual symbols, each of the syllables in a given word

+

bei.ng pairad with a different visual symbol (see fignre 3) The rtransfer R

task presented sub;jects with the same universe of syllb.bles and visual

symbols presented in injitial acqnisition, but in completely different

canbinations. This procedure was meant to be analogous’ to the reccmbinaj:ory

use of the orthogra.phic a.nd phonetic constitutents of words derived fram an-

alpha.bet. A visual analogue of this ta was designed to evaluate .

generalization learning and pattern coding ‘the nsual moda.lity, and

canparably selected subjects were randomly assigned either to the visual-

‘verbal or visual-visual coding conditions (see figure ).

« -

- Figures 3 and L here <
It was found that poor readers did not perform as well as normal

readers on the visugl-verbal coding task, either under the training-or

transfer conditions. However, the groups were equivalent on both v'istm)l-

36 -

involving either visual-verbal paired associates 1earning, or visuai-visual

’

-
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. visual training and tran’sfer. Furthennore, when individual vanability
on the visual-verbal training scores ‘was held constant, gr fferences : \ \\
on transfer became neg]igibﬁs This latter finding suggestsM \h\a;(: the
i’ dirficulty epcountered by poor readera in’ learning to - general.ize visual-verbal
- | relationships, is related to more basic dysfunction in inttial acquisiti)n/
‘ of such relationships and not to deficiency in proceséing patterned
inrormation. Thus, > the diff'erential performance of the poor rea.ders on
. the ma;jor stimulus conditions involved in the study obv:lously implies o

, that such children sustain no basic disorder in visual pattern c‘iing,

and mrther, that they experience significa.nt difﬁ.culty in acquiring » ’T‘\c—‘
coded relationships that involve the processing of linguistic stimuli, |
In my apinion_, the results of this study, of all we have conducted,
" represent the most convinciné bit of evidenée that reading disability is '~
not caused by deficiencies in visual perception and v:i.sual memory,' given.
. (l) ‘tme canplexity of the visual processing required oﬁ subjects in the \ ‘;_,

study, (2) the na%ure of the tasks empﬂ.oyed,, pa.rticula.rly insofar as they
"involved the acqui'sition of categorical relationships and not simply rote'
'learning and. (3) the randam a.ssignment of poor and nomal readers to
F visual and visub.l-verbal learning conditions, on which they performed
differential],v Indeed, these data coupled with the results of the other
' studies conducted in our laboratory, strongly contraindicate visua.'!. deficit °
theories of reading disability, and, as important} constitute both direct
and-indirect support for our contention that this difficulty is caused
either by deficiencies in various aspects ‘of linguistic functioning,'or by a
specific disorrder in visual-verbal association leminé. T have discussed

these latter possibilities in greater detail elsewhere (Vellutino, 1977,




4relations§ip between verbal encod:cng and reading disability at th,is
"y canference, Suﬁ’ice to say for present purposes that recent studies have
pravided evidence that reading problems in otherwise capable children
may be associated with select impaiments in semantic, syntactic and
; phonoiogic processing, implicating respective deficiencies in such
fimportant ,,abilities' as knowledge of words; word Storage- and retrieva]_., ’
' canprehension of various syntactic constructions, verbal concept formation, -
. phonetic encoding of both verbal and non;-verbal material, verbal :éluency
_ an}ixpressive language in general, | |

sSpecifi disorder in visual-verbal integration may constitute a

9

’

| _ qualitatively different source of reading d:Lsab:LlJ.ty, char,acteriuw o
circumscribed dysﬁmction in the cross-referencing of visual' and’
linguistic informption. Such dif‘ficulty could heoretica.lly occur, eithgyr \
) beefxse of dysi‘unction in the flow. or information between the henuspheres, {
or becanse of a disruption in the trs.nsduction of visusl and verbal ‘
information within the hemisphere which p?manly supports language. ‘The ‘
' results of i‘ghe paired'associates studies referenced a.bove wguld be consisteﬁt
with either of thesq possibi].ities, but the distinction between them, and
their respective utility as viable. explanatiorfs of rea.ding disability is
dependent u'pon mture research.h .‘
‘o In any event the study of verbal. processing defi'cits in poor readers
‘ is in its infancy, but initial research results appear to be promsing

and continued exploration of this problan area is certainly .worthwhile.

. . - ‘ ] . {.
’ -pM . . R . . ‘-

=,

The present paper addressed the popular view that dyslexia or specific

reading disability, is caused 'by dysi‘unction in visual perception, and

- . ! 7 ¢ . ?
. . . . .
. ‘

.. * o

38. . S

ATY

S - ®




. : -37- | ,
visual menory, presmnably associated with developmenta.l difficulties of
basic constitut:l.onal origin ecific reading disability can be found to
.' occur in children ‘Wwho are notmal in cther reSpects — that is, those who
sustain severe reading imﬁ'airment in spite of average or abm\average
. . intelligence\bthe absence of gross sensory, physical, neurolo ca.l, or
" emotional and socia], disorrder, socio-cultural a.dvanta.gé and adequate '
opportunity for learning. Reading disorder in children of this '»‘ S _1\ ,
description has been most oﬁ:en ascribed to deficient form perception,
spatial and d:.rectional coniuslon, a.nd dysﬁmction in fig'ubre-ground

. perception. Howe s same 1nvestigators have more recently sugge,sted

.\

citing specific an es in the speed with which such child.ren 'process .

' visua.l information, the dura.tion of v_the 'visua.l a.fter image, @.nd the
( - N

ability to perceive and make use of the redunda.neies inherent in Englis\» .

\
o orthographv Studies testing hypotheses concerned with each'of these
’

=respective problem areas have typica]_]y employed figu.re-drawing, visual

matching and ﬁgu.re-grorund tests to evaluate\given functions s ih addition

“ K

to visual search tasl;,s canparing poor and nomal readers on both speed a.ud
- , T

accuracy of processing. ‘ oo . T
Lo o '
‘ The results of most of" these studies were equivocal and inconclusive \\
3

owing to sampling methodological and interpretive problem:i Many failed- iﬂ“’""

.

0

R to control for reader group differences in previous experiente and/or

' deficiencies in specific functions such as verbal or motor skills, and N

' most employed procedures which confounded discr:&Jination with short term

memory proces&es. . ‘ ? \ | - ‘
And while virtual:Lv all perceptual’ deficit theories of reading

disabi].ity implicate dysﬁmction in the initial or sensory storage stage
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. L4
only a few investigations have evaluated these theories employing procedures

¥ of visual information processing (i.e., dur1ng the first 300 milliseconds)

-

‘which directly assesg initial stage processing. The results of these

~

studies ere conflicting, but the majority of those conducted yielded no -

substantial evidence that poor readers differ from nTrmalfreaders in analysis

and synthesis of visual forms. __— w.___ e .

-

The more recent suggestion of s0me authors that poor readers sustain

f/’ . .a specific deficiency in: perceiving spatial,redundancé%ﬂas rejected on
interpretive grounds, and it was’ concluded that the evidence supporting the
visual deficit theories of reading disability which have appeared in the
literature is not compelling. 3'_ ] L ’ v

' ff' ‘ Howeverﬁwthe strongest contraindication to these theories emergés in

;; - & serids of studies conducted in’ oup~ own laboratory which uniﬂormly found

cd o
L3 -

no differences between poor and normal readers on teste of short and 1ong
:%erm visual memory, when the effects of verbal mediation vere’ minimized.
g Poqr readers also performed as well as normal readers on a variety of\\m
non-verbal learning tasks which, in some instances involved only visual
: stimi, In contrast, they consi;tently performed below the level of . -
normal reagers on tasks which_invulved a verbal»component * These data
constitute strong evidence that reading disability is not associated w1th
" dysfunction in visual processing. Instead they support the contention that
”@?the disorder is- oaused either by dysfunction in one or more aspects of .
linguistic functioning, or by specific impairment in v‘sual-verbal 1earn1ngi
'.Ih fact ,our own findings the results of severa}‘studies which have recently

bl -

appeared in the literature evaluating verbal functdoning in poor readers, and - -

-2

the nature of the reading process itself has led me to bjgieve that continued

-exploration of verbal deficit explanations of dyslexia ‘constitute. the most

e . : w-"

J Lo .
g . . . “ b

' L RN - .
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Footnotes

This paper was supported in part by Grant Lo. lROlEDO965801 awarded by
the Hational Institute of Chlld Health and Human Development Departnent of
"'Health, Education and Welfare, and Grant No. GOO?60h369 awarded by the Bureau

! - of Education for the Handicapped, Department of Health, Education and VWelfare,
UA'S. Office of Education. .The ideas presented herein are discussed in
greater depth in a forthcoming book written by the author entltied Dyslexia:

r,

Theory and Research to be putlished by the Massachusetts Instltute of

Technology Press. : o .

- r

2The terms dyslexla and specific readlnp didability are employed herein <;;

because of their widespread use in reference to clildren with severe‘feadlnp

1mpairment who .are apparently normal in other respects They are therefore

-

1ntended to refer only to children of this déscription. In this paper such

rubrics as:"dyslexia," "specific reading disability," "reading disability,"
- o [ .

™~ "poor reader" and l;}e terms are used interchangeably.

We can reinforce the above conclusions: by pointing out that the poor

readers in the Mason and Katz (1976)° study dlffered only on latency measures

- N - >

and not on the accuracy with whith they located target stimuli. Furthermore,
‘the studies referenced did not éontrol for‘intelligence and other exclusionasy
variables ,nor did they eagloy stringent achievement criteria. Thus, their

results can alsu be questioned ou thewbasis of inadequacies 1u sarpliag

f"\“. ) N )
A study reccutly comnléicq i our laburatory (Veldlutino, Beutlley aanu |
- - . . . , o
Fuillips, 1978) in fact evaluated the pussibLIlItYy (hat reading disabidlity

may be.aSaoc&étsy with d}gfuuctiu“ 1u luterhemlspnerlic trausmissiou. Cate

ly selected samples of poor and uo,wmal readers (stratified at graues
A ] A )
and 4 ere giveu unllateral rleld presentatlions of noved visaal ostllwalil ,

°

and asked tu assoofule cachh ollwulas wilh a weantupgiul uG. d A vranwmissy
> . ‘ ’
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b4
A

deficit xplanation of, coding and decoding problems generates the prediction
e
that tﬁe reader groups yould be dlfferentlated only on left visual fleld
\

(right hemisphere) presentatzbns. Contrary to this prediction'the Eroups

)

differed dn both v1sual fleld.presentatlons, suggesting the pOSSibllity of ’

left hsmisphere or 1inguistic dysfunctlon ‘as the cause of these dlfferences -
that is, given that the subJects responses were verbal and were therefdre
;e ! - {l:

processed by the hemisph%fe supportlng languace. Fowever, because these ° :
§;I:;~ﬁ;;? not yet been replicated and glven the fact that tests of k
this hypothes1s are at a semlnal stage,’ we prefer to adopt a conservatlve - N
position and Qaggest that a transmission deficitaEXplanatioh of reading
. . : N .
disorder may yet be viable.
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